ABSTRACT Life history characteristics of Lygus elisus Van Duzee were studied at 10, 15, 20, 25, 30, and 35ЊC in the laboratory. The egg incubation period, instar-speciÞc nymphal development, survivorship, and longevity of L. elisus were inßuenced by temperature. Eggs did not hatch at 10ЊC. For the Þve remaining selected temperature treatments, the incubation period was longest at 15ЊC and decreased nonlinearly with an increase in temperature. Temperature inßuenced the developmental period differently for different instars, with the second stadium being the shortest at 10, 20, 25, and 30ЊC, whereas Þrst and third stadia were the shortest at 15 and 35ЊC, respectively. The Þnal stadium was longest across all six temperatures. The relationships between temperature and total durations were described by the same equation for both males and females. Total nymphal duration was not signiÞcant with sexes. Sex ratio (proportion of males) of emerging adults of L. elisus did not deviate from 1:1. Both instar-speciÞc and total nymphal survivorship varied signiÞcantly with temperature. Total nymphal survivorship was highest at 15ЊC and lowest at 10ЊC. Adult longevity ranged from 16 (35ЊC) to 122 d (15ЊC), with a curvilinear response to temperature. Females survived Ϸ10 d longer than males at 20ЊC, but survivorship of males and females was similar at other temperatures. These life history data will be useful in developing a computer model simulating L. elisus population dynamics in the Þeld. Lygus elisus is a pest of many cultivated crops, including cotton, alfalfa, vegetable crops, and fruit crops (Kelton 1975) . L. elisus has the widest distribution in North America of any species of Lygus after L. lineolaris (Schwartz and Foottit 1992) . Lygus bugs inßict damage to cotton in several ways, including induced square (ßower bud) shed, inhibition of seed development, lint staining, and loss of plant terminals. Square abscission is by far the most severe damage to cotton (Godfrey et al. 1998) . Domek and Scott (1985) reported the occurrence of L. elisus on 34 host plants from 14 families. Lygus spp. attack cotton from early June to August after migrating from harvested alfalfa Þelds or other senescing hosts (Sevacherian and Stern 1975) . The wide host range and highly migratory nature of Lygus spp. have contributed to difÞculties in managing this pest in cotton. The biology and management of L. hesperus and L. lineolaris have been examined from the cotton belt (Leigh 1963 , Champlain and Butler 1967 , Butler and Wardecker 1971 , Strong and Sheldahl 1971 , Khattat and Stewart 1977 , but there is no biological information available on L. elisus or on other Lygus bugs in the Texas High Plains.
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We conducted a laboratory study to examine life history characteristics of immature stages of L. elisus to generate information for constructing a population dynamics model. The objective of this study was to collect life history data for L. elisus exposed to different constant temperatures typical of the Texas High Plains during the time when Lygus spp. are active. SpeciÞc objectives of this study were to quantify the duration of immature development, instar-speciÞc survivorship, and the sex ratio of emerging adults of L. elisus over a range of temperatures. The data will be used to establish relationships between temperature and immature development and survivorship of L. elisus and to provide the foundation for further research on this pest species in the Texas High Plains.
Materials and Methods
The L. elisus used in this study were from a laboratory colony that originated from a Þeld collection in 2002 near the Texas Agricultural Experiment Station, Lubbock, TX. The Lygus adults were collected from an alfalfa Þeld using a standard sweep net. Adults collected from the Þelds were placed in a refrigerator for 10 min to slow movement and were separated and transferred to a plastic container (19.5 cm diameter by 15.3 cm height) for rearing. Specimens were identiÞed to species (Kelton 1975 , Mueller et al. 2003 , as were the subsequent progeny, to verify the original determination. Laboratory colonies were maintained at 25 Ϯ 2ЊC, 60 Ϯ 10% RH, and a 14:10 (L:D)-h photoperiod in a rearing room. Adults from the Þeld were provided with green beans (Phaseolus vulgaris L.) purchased at a local grocery store for food and oviposition sites (Debolt 1982 , Bailey 1986 , Snodgrass and McWilliams 1992 . Each rearing container housed 50 Ð75 adults and seven to eight small green bean sections. Fresh beans were added every 2 d, and beans containing eggs were removed and placed in separate containers (0.9 by 0.8 cm) for incubation in the rearing room (Beards and Leigh 1960) . The newly hatched nymphs were used for this study.
The study was conducted at six constant temperatures (10, 15, 20, 25, 30, and 35ЊC) in environmental growth chambers at a photoperiod of 14:10 (L: D) h. Several pieces of green beans were provided for oviposition as described above. After 24 h, beans containing eggs were moved to each temperature regimen for incubation. At least four batches of eggs (25Ð35 eggs/batch) were examined for each treatment.
The newly emerged Lygus nymphs from the rearing colony were individually placed in plastic petri dishes (60 by 15 mm) with a small section (2.5 cm length) of green bean. A piece of Þlter paper (5.5 cm diameter) was placed in each petri dish to provide footing for the nymphs. The green beans were replaced daily. Each nymph was observed daily for molting and survivorship until the last individual from each treatment molted to the adult stage. Adults were monitored until the last individual from the cohort died. Because a reliable method to quantify fecundity was not available at the time of this study, only adult longevity and survivorship were determined.
The data were analyzed as a 6 by 2 factorial design with temperature (10, 15, 20, 25, 30, and 35ЊC) and sex as factors for each instar separately, as well as for all Þve instars combined. Instar-speciÞc survival rate was calculated as the proportion of nymphs surviving to the next instar, and total nymphal survivorship was the proportion of nymphs to reach adulthood (Parajulee et al. 1995) . The instar-speciÞc and total nymphal survivorship data were analyzed using the general linear models procedure (PROC GLM; SAS Institute 2003) . Sex ratios of emerging adults across all temperatures were tested using a G-statistic (Sokal and Rohlf 1981) . Means were separated using protected least signiÞcant difference (LSD). The relationship of temperature with instar-speciÞc and total nymphal development periods of male and female L. elisus was described using the TableCurve 2D curve-Þtting program (Systat Software 2002). The equations were also Þt to the data for incubation period and adult longevity versus temperature. Selection of the equation to describe the above data was based on the magnitude and the pattern of residuals, lack-of-Þt tests, and R 2 values. The threshold temperature for development of L. elisus was calculated using a regression analysis of development rate (1/development duration) on temperature.
Results
Incubation Period. The duration of the egg stage decreased with temperature (F ϭ 357.4; df ϭ 4,15; P Ͻ 0.001). The relationship between incubation period and temperature was described by the equation y ϭ a ϩ b/x 2 , where x ϭ temperature (ЊC) and y ϭ incubation period in days (a ϭ 0.6672 Ϯ 0.414, b ϭ 4575.468 Ϯ 167.742; R 2 ϭ 0.97; TableCurve 2D). The incubation period decreased with increase in temperature, being longest at 15ЊC and shortest at 35ЊC. Eggs did not hatch at 10ЊC even after 3 mo of incubation, indicating that this is below the threshold temperature for egg hatch.
Nymphal Development. The total nymphal developmental duration decreased with temperature (Table 1; F ϭ 2563.1; df ϭ 5,162; P Ͻ 0.0001). The total nymphal durations were 83.1, 44.2, 29.3, 21.0, 14.3, and 10.8 d at 10, 15, 20, 25, 30, and 35ЊC, respectively. Within the temperature range, total developmental duration decreased considerably as temperatures increased. Instar-speciÞc nymphal developmental period also varied signiÞcantly with temperature (Table  1 ). The second stadium was the shortest at 10, 20, 25, and 30ЊC, whereas the Þrst and third stadia were shortest at 15 and 35ЊC, respectively, indicating that the inßuence of temperature differs by developmental stages. The Þnal stadium was the longest for all six temperatures. The instar-speciÞc and total nymphal durations of males did not differ signiÞcantly from that of females (F ϭ 0.85; df ϭ 1,162; P ϭ 0.36) at any temperature regimen evaluated in this study, and the interaction between temperature and sex was not signiÞcant (F ϭ 0.51; df ϭ 5,162; P ϭ 0.77). The relationship of temperature with instar-speciÞc and total nymphal development was described by the equation Development Time ϭ a ϩ b/(Temp)
1.5 for all instars (see Table 2 for parameter values). The relationships of temperature with instar-speciÞc nymphal durations and total nymphal durations were described by the same general equation for both females and males. The threshold temperature for L. elisus development was calculated to be 8.15ЊC (Fig. 1) .
Nymphal Survivorship. Both instar-speciÞc and total nymphal survivorship varied signiÞcantly with temperature (F ϭ 18.95; df ϭ 5,10; P Ͻ 0.0001). The total nymphal survivorship was highest at 15ЊC (72%) and lowest at 10ЊC (41%). Total nymphal survival rates were 0. 41, 0.72, 0.63, 0.61, 0.44, and 0.56 at 10, 15, 20, 25, 30 , and 35ЊC, respectively (Table 3) .
Sex Ratio. The sex ratio (proportion of males) of emerging adults of L. elisus ranged from 0.46 to 0.64 among temperatures, but was not signiÞcantly different from 1:1 across the range of temperatures examined in this study (G-test, P Ͼ 0.10). These results indicate that there was no signiÞcant temperaturedependent difference in immature mortality between sexes.
Adult Longevity. Adult longevity of L. elisus decreased signiÞcantly with temperature (F ϭ 203.7; df ϭ 4,142; P Ͻ 0.0001), with longevity values of 124. 31, 56.88, 51.58, 37.79, and 16.36 d recorded at 15, 20, 25, 30, and 35ЊC, respectively . It is particularly noteworthy that adults survived for about 4 mo at 15ЊC. Adult longevity varied signiÞcantly between sexes (F ϭ 2.89; df ϭ 1,142; P ϭ 0.091), but that difference was significant only at 20ЊC. At 10ЊC, all bugs died within the Þrst 24 h of adulthood. Relationship between adult longevity and temperature was best described by the equation y ϭ a ϩ bx ϩ cx 2 ϩ dx 3 for both sexes, where (Table Curve 2D ).
Discussion
The incubation period, immature development, and survivorship of L. elisus were all inßuenced by temperature. The incubation durations were 21. 50, 11.00, 8.30, 5.50, and 5.25 d at 15, 20, 25, 30 , and 35ЊC, respectively. These incubation periods were slightly shorter than for L. hesperus (Butler and Wardecker 1971) . Leigh (1963) and Beards and Leigh (1960) documented that L. hesperus eggs took 7 and 16 d, respectively, to hatch at 27ЊC. Our study showed that the eggs of L. elisus did not hatch at 10ЊC, and the Means within a row followed by different letters are signiÞcantly different (P Ͻ 0.05; LSD). Analysis of variance of egg stage duration (F ϭ 357.35; df ϭ 4,15; P Ͻ 0.001), instar-speciÞc nymphal duration (df ϭ 5,162; P Ͻ0.0001), total nymphal developmental duration (F ϭ 2563.2; df ϭ 5,162; P Ͻ 0.0001), and sex (F ϭ 0.85; df ϭ 1,162; P ϭ 0.36). Relationships between nymphal developmental duration and temperature were described by the equation development time ϭ a ϩ b/(temp)
1.5 for all instars and total nymphal developmental duration, where a and b are intercept and slope, respectively (TableCurve 2D). a R 2 is the amount of variation explained by the given equation; max R 2 indicates the attainable amount of variation that any equation Þt to the data could explain, given the pure error in the data (Draper and Smith 1981) .
b Lack-of-Þt tests for parameters at ␣ ϭ 0.01. Although the lack-of-Þt statistics were signiÞcant in 5 of 12 cases, response surfaces that Þt the data better did not seem reasonable for describing the data. incubation period increased with decreasing temperature. Butler and Wardecker (1971) reported that the incubation period decreased with increasing temperature in L. hesperus, with incubation periods of 28.0, 12.5, 8.5, 7.2, and 5.6 d at 15, 20, 25, 30, and 35ЊC, respectively. Incubation period of L. hesperus was longer at lower temperature, and eggs did not hatch at 10ЊC (Champlain and Butler 1967) . We found that the incubation period was similar at 30 and 35ЊC, which is similar to the Þndings of Champlain and Butler (1967) for L. hesperus.
Both instar-speciÞc and total nymphal duration decreased signiÞcantly as rearing temperature increased. The developmental durations reported by Butler and Wardecker (1971) of 27, 16, and 12 d at 20, 25, and 30ЊC, respectively, for L. hesperus, were slightly shorter than for L. elisus. Other studies by Leigh (1963) (13.5 d at 27ЊC), Debolt (1982) (16.5 d at 25ЊC) , and Cave and Gutierrez (1983) (18 d at 25ЊC) also indicate that L. elisus development is slower than L. hesperus. Champlain and Butler (1967) reported that, at 10ЊC, L. hesperus took 82 d to complete development, which is similar to that of L. elisus (Table  1) . Champlain and Butler (1967) reported a developmental threshold temperature to be 8.0ЊC for L. hesperus, whereas Sevacherian et al. (1977) suggested a development threshold of 11.1ЊC for both L. hesperus and L. elisus. Based on our data, we estimated the developmental threshold of L. elisus to be 8.15ЊC. L. elisus in this study completed full development from Þrst instar to adult at 10ЊC (Tables 1 and 3) , so the threshold temperature reported by Sevacherian et al. (1977) is an overestimate, at least for L. elisus.
We found that sex did not signiÞcantly inßuence instar-speciÞc and total nymphal development of L. elisus. Butler and Wardecker (1971) and Leigh (1963) also reported similar nymphal developmental durations between male and female L. hesperus. The instarspeciÞc and total nymphal survivorship of 72% at 15ЊC and 56% at 35ЊC was much higher than the 14% survivorship for L. hesperus at 15ЊC and 23% at 35ЊC reported by Champlain and Butler (1967) . The 1:1 sex-ratio of L. elisus at any temperature was the same as for L. hesperus (Leigh 1963) .
The adults of L. elisus lived longer at lower temperatures, except at 10ЊC. Similar Þndings were reported by Champlain and Butler (1967) and Strong and Sheldahl (1971) in L. hesperus. At 10ЊC, all adults died within 24 h of emergence in our study. Champlain and Butler (1967) reported identical results for L. hesperus. The mechanism for the immediate death of adults at 10ЊC after their successful eclosion is unclear. We also observed that females lived an average of 10 and 7 d longer than males at 20 and 25ЊC, respectively, but the difference was not signiÞcant at 25ЊC. Leigh (1963) reported that female L. hesperus lived Ϸ9 d longer than males at 27ЊC.
These results indicate that L. elisus prefer temperatures within the range of 15Ð25ЊC. This range is considerably lower than the temperatures during the critical stage of cotton phrenology in the Texas High Plains. However, when temperatures decline in late August, cotton is still vulnerable to boll-feeding insects such as Lygus spp. Our preliminary survey of Texas High Plains cotton shows that L. elisus population growth is negligible during the cotton squaring (early fruiting) stage, but the population sharply increases around late August. This suggests that L. elisus populations in the Þeld are driven by temperature more than crop phrenology and that longer-season cotton cultivars may be more vulnerable to L. elisus infestation of soft bolls than early-maturing cultivars.
This study provides limited biological information on L. elisus, but more information is needed to fully understand the general ecology of this species. Complementary Þeld studies are currently in progress to understand the seasonal activity patterns and damage potential of this species. Development of a reliable Means within rows followed by different letters are signiÞcantly different (P Ͻ 0.05; LSD). Instar-speciÞc and total nymphal survivorship rates varied with temperature (df ϭ 5,10; P Ͻ 0.0001).
method to estimate fecundity for this species is a major objective of our project. Once we are able to quantify fecundity, the data from this study could easily be coupled with reproductive data to develop a population dynamics model.
